Enteroaggregative Escherichia coli (EAEC) is associated with diarrhea in Spanish travelers to developing countries. In this study, the polymerase chain reaction was used to test EAEC isolates for genes encoding putative virulence factors, including EAEC adhesins, the plasmidencoded toxin (Pet), a heat-stable enterotoxin (EAST), and Shigella enterotoxins 1 and 2 (ShET1 and ShET2). Findings included a low prevalence of genes for Pet (4.3%), ShET2 (4.3%), and the adherence factor AAF/II (8.7%). The overlapping genes encoding the ShET1 and the Pic mucinase were present in most EAEC strains tested (56.5%); however, some strains that carried this locus did not produce both proteins, as determined by Western immunoblot. Surprisingly, ShET1 and ShET2 genes were also found in other E. coli pathotypes, as was the EAST toxin locus. These findings underscore the heterogeneity of EAEC strains and suggest that the ShET1 may be an important virulence factor in traveler's diarrhea.
coli strains [8] . Of note, all of these potential virulence factors have been localized to a ∼60-MDa plasmid common to most EAEC strains.
Many EAEC strains elaborate the Shigella enteroxin (ShET) 1, an oligomeric toxin first identified in Shigella flexneri 2a strains [9] and encoded by the set genes. Surprisingly, the set genes were found to be embedded on the antisense strand of a high-molecular-weight mucinase (designated Pic) in both EAEC and S. flexneri strains [10] . A second Shigella enterotoxin, ShET2, is highly prevalent among Shigella strains [11] but has not been sought in diarrheogenic E. coli isolates.
Despite the variety of virulence factors found in EAEC strains, the essential features of EAEC pathogenesis are still not well understood. The goal of this study was to investigate the prevalence of the above virulence factors among EAEC strains isolated in a previously reported case-control study of patients with traveler's diarrhea.
Materials and Methods
Bacterial strains. E. coli strains were isolated from stool samples analyzed in a case-control study previously performed at the Hospital Clinic, Barcelona, Spain [1] . Patients were travelers who had diarrhea between 12 h after arriving in and 5 days after departing from a developing country they visited for !3 months. All patients had diarrhea at the time they were seen. Volunteer control subjects were recruited from relatives or travel companions of the case patients and were defined as travelers who did not have diarrhea during or within 7 days of the trip. Two colonies of each different-appearing lactose-fermenting morphotype growing on MacConkey agar were identified by conventional biochemical cri- teria; those identified as E. coli were screened. All EAEC strains yielded the aggregative pattern of adherence in the HEp-2 adherence assay. In addition, E. coli isolates were tested by polymerase chain reaction (PCR) for genes specific for ETEC toxins, enteropathogenic E. coli (EPEC), enteroinvasive E. coli, and verotoxinproducing E. coli (VTEC), as described elsewhere [12] . As a PCR control, we used the amplification of the gyrA gene as an internal marker to check possible PCR inhibitors and we DNA sequenced PCR products. Table 1 shows the specific primers used to detect EAEC virulence factors.
Western blot. Rabbit antisera specific for Pic and ShET1 were raised separately by intradermal injection of purified Pic and ShET1, as described elsewhere [9, 10] . Western immunoblotting was done essentially as described by Caffrey et al. [13] .
Statistical analysis. Statistical analyses were performed by Fisher's exact and x 2 tests.
Results

Molecular epidemiology.
We reported elsewhere that, of 165 E. coli isolates in the stools of Spanish patients with traveler's diarrhea, 23 were EAEC. This compares with only 4 EAEC strains among 165 E. coli isolates in an asymptomatic control group [1] . To further characterize these EAEC strains, we used PCR to detect genes for proposed EAEC virulence factors. Table 2 shows the distribution of target genes among the E. coli isolates. Of the 23 EAEC strains isolated from diarrhea case patients, 9 did not test positive for any of the factors, but the other 14 carried у1 of the genes assayed. Of the 4 EAEC strains isolated in the control group, 1 did not exhibit any virulence factor, 2 carried only the EAST gene, and 1 tested positive for ShET1 and EAST. Of note, we found EAEC strains that carried genes for ETEC-LT and ShET2.
Of 25 ETEC strains, 20 did not carry any of the genes assayed other than for ST or LT. However, of the 5 remaining strains, 2 carried the ShET1/Pic locus and 3 the ShET2 gene. Nine E. coli strains with diffuse adherence were isolated from the case and control groups. Only 1 strain from the case group had the ShET1 gene, and 2 from the control group had the astA gene, encoding EAST. None of the 5 EPEC or 3 VTEC strains carried any of the EAEC or Shigella factors investigated. Table 2 shows results for E. coli that did not belong to any known pathotype.
Assays for Pic/ShET-1 expression. Because the overlapping nature of ShET1 and Pic would permit the expression of 1 or both of the proteins to be lost by spontaneous mutation, we assayed for the presence of these proteins in supernatants of PCR-positive strains. As shown in table 2, only a minority of PCR-positive strains expressed ShET1 by immunoblot. All were found in diarrhea patients. Most PCR-positive strains expressed the Pic protein; this did not correlate with the expression of ShET1 by immunoblot. Pic protein was detected in both EAEC and other E. coli types.
Discussion
EAEC has been associated with endemic pediatric diarrhea worldwide, with various diarrhea outbreaks, and in travelers to developing countries. However, the pathogenic mechanisms of EAEC infection are not fully understood. Moreover, there appears to be significant heterogeneity of virulence among EAEC isolates. By using E. coli strains isolated in a well-defined Control subjects (n p 160) case-control study, we assessed the prevalence of putative virulence factors-such as EAST, ShET1, ShET2, Pet, AAF/I, and AAF/II-in an attempt to identify their roles as enteric virulence factors. In our study, AAF/I was not detected in any of our EAEC isolates, but AAF/II was detected in 8.7% of the 23 EAEC isolates studied but not in any of the nonaggregative strains, which suggests that this factor is specific for EAEC. Recently, Czeczulin et al. [14] found that 14 (32%) of EAEC strains from various epidemiologic studies hybridized with the AAF/I probe, and 8 (18%) hybridized with the AAF/II. Okeke et al. [15] detected AAF/I biogenesis genes in 63% of Nigerian EAEC strains and AAF/II in 35%. In contrast, Elias et al. [16] detected AAF/I and II in 19% and 8%, respectively, of EAEC strains from São Paulo. Thus, the prevalence of AAF factors appears to vary substantially by locale, a phenomenon also demonstrated for ETEC fimbriae.
The EAST toxin was found in our study in EAEC and diffusely adherent E. coli (DAEC) strains and in strains not belonging to any diarrheogenic category, corroborating previous reports [8] . In all 3 types of E. coli, EAST was detected more frequently in strains from the control group than from the case group, which suggests that this toxin is insufficient to cause diarrhea unless another virulence factor is present. These results are in agreement with those reported by Savarino et al. [7] , who found the astA gene in a significant proportion of E. coli intestinal isolates from children without diarrhea in developing countries.
Recently, Eslava et al. [5] described a heat-labile autotransporter enterotoxin with a 104-kDa molecular mass. The gene for this enterotoxin is on the large plasmid of EAEC strain 042. In the same study, only 5 (15%) of 34 EAEC strains hybridized with the pet gene. This low prevalence agrees with our results: we detected the pet gene in 1 (4%) of 23 EAEC isolates. This strain also carried EAST, AAF/II, and ShET1.
Two novel enterotoxins, ShET1 and ShET2 [9, 11] , have been characterized in Shigella species. In this study, the set genes were detected in EAEC, ETEC-ST and -LT, DAEC, and E. coli not in any diarrheogenic category. In a recent study, Czeczulin et al. [14] found a 57% prevalence of the pic gene (then called she) among EAEC (a rate similar to that found in our study); however, set genes were not found in DAEC strains.
It may be relevant that, among all the diarrheogenic E. coli categories in our study, strains carrying the set genes were found mainly in diarrhea patients. However, ShET1-producing strains that did not belong to any diarrheogenic category were found more frequently in the control group than in the case group. It is also of note that not all strains carrying the set genes expressed the toxin: set genes were detected in 13 (56%) of EAEC isolates from the case group, but the protein was detected by Western blot in only 5 (38%). Moreover, several pic/set probe-positive strains did not express pic. Thus, this gene cluster may develop mutations that abolish expression of one factor or the other. Because of the small numbers in this study (especially of EAEC strains in asymptomatic subjects), we were unable to determine if either factor is important in diarrheogenicity; however, ShET1 production was found only in E. coli (regardless of pathotype) from diarrhea patients (6/70 vs. 0/41), with a trend approaching significance ( ). P p .083 We found the ShET2 (sen) gene in EAEC, ETEC-ST, and E. coli strains not belonging to any diarrheogenic category. The EAEC and ETEC-ST strains that carried the sen gene were isolated from the case group, whereas, of the 3 sen-positive E. coli strains not belonging to any diarrheogenic category, 2 were isolated from the case group and 1 from the control group. The sen gene is plasmid-borne and of unknown significance in shigellae. Recent data suggest that this gene may play multiple roles in virulence (J. P. Nataro, unpublished data) and, given the increasingly common observation of Shigella genes in E. coli pathotypes, the presence of sen in E. coli is not wholly surprising.
EAEC strains have received increased attention as a cause of human diarrhea in many populations. However, the virulence factors that characterize this type of diarrheogenic E. coli are not well known. Our data suggest that EAEC strains are heterogeneous and that they share potential virulence determinants with other E. coli and with Shigella strains. Among the pro-posed virulence determinants, the pic/set locus is highly prevalent and variable and appears to deserve increased attention.
